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i * 11 ^3 OF THS Ih-Vy^m^ 

W • ThiS im ' ention is concerned broadly with -h- 
*nh« it xo„ of pathological or undesired ce- e . ^" 
in =a=als by use of a nav growth-* 
5 ^cr 2 spaci-icaiiy -a - re " "^-^J composition. 

. . 7 ' resent invention is c^ecr^n 

^tn-xnMbiting composition co Bprising a ^ * " * 
cyclcdaxtrin derivative and a latent or ^\ 
xnh^txng cocpound, and to the u Se c . >Vs * .! k ^ 
xnhi.it undesired or pathological groJ-J" u^'^ '° 
10 biogenesis, which is associated with n " * 

of nalignant tuaors. ' ' the 9 r =wth 
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A^giogeneais, tha induct- ^ I -- s^±£l 

oovelopsent ot tho ^ C PrOCa33M «- 

" also an i20Q-t-» rt *. - 

1-un. ^p on3ea , and ^j;,^ -Nation, certain 

" iMcwaiy cor th,ir co-,-<„ u ^ " i = 0r3 that it 

j 5 nu^er of ophtWoiogical coth»,. . . ' C °=' )ono "t of a 
<U*b«ic retinopathy . ' T ' ln<UU<iin? " 

«l*«e«. M ditto„a ly aroi flb " Pl "" •« avascular 

30 "Pillary ,„«h cm d s ,troy ioint ^ * bno ^ 

n-dJin, =ay to dependant on ahnornai 
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capillary grove* in the derais f See c a ,v. 

Science 235:442 (1337)1. " M ^^^run. 

It has been previously disccve-e^ -h^ 
heparin fragments) a -d — " heparin (cr 

MM1 ~« *09««« to sic* „ith «^;r„ v- iihen 
this cessation „„ irtiMC * ° C ta ° ors " 

capiUary v« sc ls ™ J ! »™«««on o f „„„ tlill 

/ -stis cnat support tunor arotrt-h , , 
the collapse of th* hw* , 9rovth, and can cause 

P e or the bleed supply which supoorts - 
A review oC the historv of thi~ d i« u PP°«s the tumors, 

subject natter is „ diSCOVe -' «d of related 

vessel Crow.r Re r?r,;L" C T ^ 3 ^ 

Research, 46:^67 (i 9a< n ^ J ' Udah Fol ^n, Cancer 

_°-*o/ (1986) the contents of which 1ra 

incorporated herein bv reference for h T 

. - lcrcncd f °r background. 

57:769 0 376) thif < w * Vut 1 Cancer Inst. 

suepmm.c ►„,„, ■ P"=inisolon e partially 

other PUB' ic-!-" 9rOWth n ° C ««ny 

■v.. ^ t, ::; c :; r portad conci — ~ « ««« 

prasence ot large amounts of cortisor* r- , 
also bocn reported f Grosa et al., Proc Nat " ^ 

21-176 (1961)1 tha- r, P H, n ACa °- Sci ' USA 

mbbit comc„ „ hl T l "*">"*1 tumor an,ic geneai5 in 

«,«.-.« .,itn h ' L - aw "-. i '»9^.n.,i. vbm adalm*^ 
t — — <«U now, unlqll . i,, lts 
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effect. The findings and the character of desirable 
angiostatic steroids has been discussed in -A New Class of 
Steroids inhibits Ar.cjioger.es is in the Presence of Heparin or 
a Heparin Fragment-, R. crun, 5. Szabo and J *olJcaar. 
5 Science 230:1375 (isss) ; ar.d in 'Angiostatic Steroids', j. 
.oltawn and D.2. ingber, Annals of Surgery, 206 :3 74 p°37) 
incorporated herein by reference for background ourocses. 

Heparin, a mucopolysaccharide, is a constitutent of 
several 3 T' ^ Ci ^ "™ ^ and Bast ceils in 

10 as an 77 SFeCieS * ChMl « i1 ^ described 
« an «, , glycos,.dicaliy linxad sulfated copolymer of o- . 

^^^' qlmiC aCid ' H ™' 

centur!" ™" °^«"* - anticoagulant for half a" 

century., both the exact st-jcmra. rt # u 

„ »*«. by ^ it 2=ts inMoTJ,^^ r e PrSCiSe 

been discovered « U ch -s J- " cca ulation have not 

— r a o £ ^Tr^?™™ 1 ™ ^ 

Heparin ls polydi,p ar!Ja wish a Bolooular 
,„ about 5,000 to 40,000. Within a „• 9 ""^ ' rOB 

structurai variations ,1Ve " =hain ' tto " •» 

suction, ^yl. t io^c-T.^ a ^"- «* 

acid residue. ■ 8? * Jeri::at "n in the uronic 

cranio, rov aaia d * £££ and di«er a nt 

"position of co^r.ilT hi * CMV ""«- «» P"="° 

- if source and E o^ cd o" L ^ ^""^ «ep 
»v h- .... . d °" ^nufacture. in, ; i . 
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hepsri - «• not « faetiw „ 'V T 4n * io *«'°»l«. oth.r 

« ordar to bo «f Qctiv „ a " Ch - . In < a «. ™«« heparins . 

"at « tal n 1 « r . tlon 'J^' bo ^ i" »oh hi g „ d oa as 
-.tiooa^uant activ- ' ! ? ^ *" " tha 

• A ucconc disadvantage is 
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that while heparins apparentlv can 
. responsive tutors vhen ^ni^^! ° f 
- 0r ° P ~ ~io to steroid, and even ? B T ^ 
somewhat higher doses and -atios • h ' . proraote regression a 
5 resection of rapid tu*or ^o^h v " ^° ^ 

higher dos. level. ard JJ™ 1 ? ^ ■***«.r.d at even 

ur * u ratios to sters^^ 

presence c £ bo th positive w ^^'^l 
ang 10 ,enesis in „= Parin oay eM J ;; ob ; e9,lla,:C -' S « 
administering the d~o J I! " r ° bie,ns ln Property 

,0 — «e anticoagulanTac^" T^^T'^ 

«■« to lev dosage levels or to oral T ""Acting lta . 
to avoid Meedino. FtnaUv ° 1 """""""ticn in order 
<*• corneal neB bran t - i' cl 'TT' '"^ e " nnot Penetrate 

,5 activity. . r it3 "«■*"«<» antiangicgenic 

„ are c y = lic -X^^ ^.Z'T* 1 ' 

5lucopyranose out, .... c ° n3isti ng of at least six 

oiuoopyranose unit^ are ^ "* <° 

-v. >een studied e« „sit^ ^.f' = 

simple, woll-defi^rf k , compounds have the 

and ,-cds are Jed throuoho' l, " ■ ol « i «« ,-. 

»-«. 7, or 0 glucoov-j! f ^ FIC - X( *> who "in 

discovery of £H£ ' d T"' ~' , «= ti ™^- ™- initial 
«* at^ ou t 1 "rn ofT " '^"^ ° f ^ «« 
«at ccpoJn^wT C ° ntUry ' SCh " di ^« ="owed 

a:., d u n p i:i::r 1 ch ° acti ° n ° f 

th. compounds are often ref!" ^ ^ »*«-*»«. 
are also so mo ti M= c . lUocl cyc iX 0 1 S 
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-cpograp-ncally, te e CDs Day fce reE . r 
torus, as shown in FIG. X(3) , J* " • 

vith priory g rcup3 , and the lMer » « « Une d 

hydroxy! groups. Ccaxiaiiv aligns vi- ««=ndary 
5 en.nB.l-ii*. cavity of about 3, «~ r 7 "* s " T* *" * 
the and 7 -c=s, respectively. -VsL I"™"" for 

cyclodextrins capabi, a . f0£aing ^^.J ^ M Mka <** 
hydrophobic W macules of Ll^.^^^ 
A reasonably large r.unb«r or CD d— ' „ 

,0 Prepared and described in the literature r! 

chemically Edified Cos are forced by re-'- - Jl*"!"* 1 ' 
or secondary hydroxyl groups attached to'l^"^ 
tt«. KA)]. without disturbing tbe . (1 -> 4 , h " ' 

Images. A review of such preparations i. - Z 
,5 -Tetrahedron Report Number !47, Synt s-.<. ,7" 
Modif ied cyclode X trins., A .p. Cro;t — 
Tetrahedron 32(9, :1417 . U74 incor^atelh ■ 

reference for background (hereinafter -efl-l" r ^ * 
"Tetrahedron Report Ho. 147-,. " d t0 as 

0 In particular. and 7 _ CD su ,., 

r" 0 ™ " <*"*«''* *». 207, 20 3, and ,05 "', ^ Salt) 

Report »o. 147, , Tafele - Tetrahedron 

,,323,704 to Berger describes the ore % * t ' nt 
•»»«... t,. S . Patant <, 0J0>1<0 t ; Ber=t ;:: n ° £ =Vcloa„ylose 
; Patent itoa. 4,247,535 and 4 253 ian ►„ - ■ Md D - s " 

the use of modified cycledextrah sul'ate- , d "=lose 
inhibitors. U.S. patent 4 333 ,92 Z T, C0 " pl «««= 

Preparation of a wat-r-dlun, , * ' ^""^.n the 

ceroid and un.odifi;! ^ s^" 0 ™* °< * 

== Pithe discloses the ,d n Lstr«Ion' ( bv 1 '"T- * ' " S 

— 1 route) of .« hotBO lingual or 

P-gesterone and estradiol in thelo^ o- 1, Mt °****™>. ' 

^pounds .,ith ny<,o mn _ e _ ca or ; el °;.;..;« "-^on 

o,e, 011 ,g reference ar, beiieved to sh " l^ 0 ' *' - 

in ''= nti - « Scribed and -i/.:.^ 



•' • ~ Pci/tsss/pecs _ .... 

w * havr„o« found t?^ 35 - 211 ^^!^^^ 
soluble derivative of """f Si=pla aR <* very vater- 

S ^ «» « Ut« ^r ^~ — -=^«ered 
S cortisone or hydrocortisone or Wtt . """^ " 
inhibiting organic concound ef f „1 , non - st «°i.*»l growtt- 
witnoct exhibiting the' undesirab, I I. ' 

one of the objects oTT. Pr ° Peni ° s <* >»P«in. ! 
Provide a novei conpcsition in" JiT"' L ™ nti ° n " =° 1 
,0 cycl=de«rin and . ,„vth-i„X t l£V Privative of . f 
composition is effective for inh^ !• COnpoun<i < <">ich - 
growth, especially angiogenesis 0 ^ " 1 

"ceding hu=an!. f0r «-ow. In f 

Another obiecr of +-k • t 
,5 Pharmaceutical prLratLT """""".I is *« P"vide I 
cvclcdextrin deLlt^ e^™" 1 " 9 * — {' 

salt, and one or .ore steroid c^L^ 1 ^^ — 

Another object or -f-s 
aaethcd of bating dis^~ ~^ " - P-ide p 

20 f™*"*** by angiogenesis by i^i I aSS<=Ciated ~ E 
angxcgenesis in aa3 -, al _ . /. lnhlb ««g undesired t 
tr« te ,„t. ' lnclu ="9 huEens, i„ n eed cf such | 

A further obipct *-k 
Previa a .ethod for tL t lnv ««ion is to 

J5 having a tu^or burden to aT nM " alS ' lncludi "9 ^ns, 
the tu=cr M soes. ' * nd/or to "gross growth of 

Theao and' other oblect- " ~ 

P"sent invention win bocoj" Vantages of the 

art upon reviewing the foil * ^ in 

30 5 fo "°«ng description and appended 
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cenprising active agents consisting es - enH 
"ater-soiubie derivative o* a - ^**- m ^Y of (1, . Very 

conization vith f2) * <. ' " ^^•xtrin in 

-fxcn (2) a latent grcwth-inhiK,-*.- 

r.on-steroidd' v — "Siting steroid or a 

-u- " g organic compound 

a This invention furth— p-c-^es * JOUna ' 

undesired or pathological cell Ir tl a * °' inhibitin * 

angiogenesis, in aaffiflals , including h l an !T 
Ministering thereto a grovth-injb i T C ° aprisin * 
agents consisting essential^ o ^l) a T ^ ° f ^ 
,0 derivative of «- 4- or , . water -soluhle 

Srcvth-tnhibiting organ . c cq ^oj a ncn-s teroiCal. 

invention can ba acconplishad °* «• 

*S*nts *„= administering the combination vi, 
,5 or. alternatively, by a *, inists!ri V " » ~"»U 

irately and pernitting ^ COBb *„. t * " «9«t, 
According to the alternative node the \ ~ ^ 

be administered s,parately via the sal a98n " Can 

*>», « both a g ents are vJTllZZ Z V'"™ 
30 Simultaneously i n combination in vivo Pr *" ne 
This invention further provides a ».,.„ ., 

"—.ion L^^~^t^ -unt « a 
25 o£ (1) a very water-soluble derlv-J C ° naiSt:in * ««ntial ly 
=y=lcde«rin in combination . it, ^ "aW ""l " 
biogenesis inhibitor selected till th ° M 
a Utent-grovth-iiuMting s.eroL ard ^ « 
?ro w th-inhibiting oraa-,1- \„ 3 non-steroidal 

=naracteri 2ad b y *, «" Privative being 

— t ao grams p'er ^t^I™^" - « U- e 

Thi<: liltGrs °c water at o*c 

ln^s invention fu-TS 0 . . t " 

P-hological ,ro«h oT s!co P th° V1 " a= 3 ""^ ° C Siting 
-duding humans, i„ Ke ' 0 ^ «"» in mammals, " 

emprise, administer^ c , er " which method 

r "-° J ^-'"'-inhihitin, amount o; 
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u composition comprising as active aa e n^ 

cyclodextrin derivative; prefer,^ 3 ^ VaCe ^^lub ie 

cyciodextrin sulfate M 7 * ^ ""•"^l. 

sulfated anion C Q - 1 ""^^ essentially of the 

The present invention a ^ r ^—— 
reference to th. following detailed „. Y Unders "=° by 

,0 invention, e* a n oles of * ' * I *-°«P«<»n « the 

,„ , * c specific embodiments of • 

and appended fig^ res in vllich: Snts of the Mention 

the chemical itr-I^turi of 3 SChe3atic "Presentation of: (A) 

(8) of the three-di ffl ensiona Q ? s ra p ro;" th CyCl0deXtrinS; *** 
'5 FIG. 2 (A and m „ =yclode.xtrins. 

^=icdc«rin - ««* -« 
grovth of (A) nt 3er *, . TDS) or heparin on . 

»«ic =:s=riir 1 n: t : mu!icie ceua Md (s > 

FIG t 13aua culture. 

of (A) Endotoxin alone m cornea. Effects 

yar...ort 1 sone, (croup 3) . and (D , „ 

-ngation in ^llT T" , 7^? ^ ^ 
(Octroi Grcup,; to , , d . CD . TDS + ! c ' End °«*"> 

t*J " Cortexoione o one ^ t, 60 """ 1 "-. <«««P *>» 
(°«up Soe te<t ™' <" Qup 3)J Co] = ,3-CD-TD S clone, 

ti« for cxporioental details. 



if? 



m 



The present inventors searched for a compound other 
tnan heparin, which would not have the disadvantages of 
heparin, cut which when combined with « sreroid would be 
5 effective f= r suppressing undesired or pathological c e n c - 
tissue growth including angiogenesis and, therefore, would"be 

" — - ~' C ° ntr0ili ^ or eliminating tumors 

-n -annals, including nutans . 

Because of the known ability of cyciodextrins 

10 ^eluding p-CD tr form water soluble inclusion ™„ „ 

ie inclusion compounds with 

"■•-««!-. «• «tt«pe«l to » ta use of natures of unmodified 

. W1UI hyd — However,- it was discovered that 

sucr A mixtures had no ef-pr- f^>- 

«„„„, „ . ef.ee. for suppressing angiogenesis, as 

shown by ^xanpies ia-20 ; infra . Section 7) 

' 5 solubl QUi ^ SUr?ri3i;,5li '' - «"=vered that highly water- 
soluble salts of cyclcuxtcin in cognation with a steroid 
" h ^°=°~ were effective for i ohihi ^ ' 
angiogenesis. In particular, ,-cd tetradeca suTJate'^-co- 
TDS, was found to be very effective. I„ other words, a 
20 oo.pos.txon comprising a steroid and a water-soluble 

« torIv » ei « - -««*iv. for inhibiting undesired 
cell or issue grovth, including angiogenesis, and for 
treating tuaors in aamnals. 

The CO sulfates and other highly water-soluble 
23 oerivatxves discussed herein have been found to be 

::L r r te ci (^, in ar Bir d a£fa=t in ^ ^ 

employed s a : 0 der SCribed " Bel ° U - ~* *" >«» 

varioue subsets IT an9i ~ ° £ 
, 36-10ft«-->? t^lagsbrun et al., cancer Res. 

" ^ esc ::::; — = - prepared by 

indistinguishable * H " ""^ 

■i»ic th^d- ™- 9 7 wae «-«'l'* l . CD derivatives 

iS Without I"t di d °' " nt " n ^"- ".pTin 

it., disadvantages. These findings al,o set aside the 
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notion that heparin is unique in its roi* • 
angiogenesis v , an COEbined vith a 

We have also found that use of . h - 
• c= Privative such as ^ cd . tds ™. « J ^ hiy vater-sciuM, 

5 ce=pound that inhibit, grovtf <„ ! <"»>-«.roidaa 

-Parin. i.e.. . c^^'^:;^" ~ 
antzangiogenic activity su ^ f "^""^ sone 

uch as L-2-azetidxnecarbox-yiic acid, 
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(see, infra , Exasmle ?s) c *«m,h,- 

::r rProl i ne . a ; 4 ^srsrtu- 3 • - 

a-etidinecarboxylic acin « ^ •. 
20 »». -fcic* d-cripticn is in'"" ^ 

d^criytion of s uc s " Inv ««=ig.- 59: 44 (1983) for a 

u IZ LTn p * rase " lacont -^^i- 

char ,„ ... ln " hlch "rbcn ring structure 
30 characteristic of a sterol is absent. 

9 v...u present invention. Suitable highly 1 
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Arg-Gly-Asp constrained within cyclic pentapeptides 

Strong and selective inhibitors of cell adhesion to vitronectin and laminih 

fragment PI 



AVA! 




IL^a^^eVu^illey 1 , Marion Gurrath 2 ; Gerhard Muller 2 , Juan Calvete 1 , Rupert Timpl 1 

and Horst Kessler 2 

' Max-Planck-Institut fur Biochemie. D-8033 Martinsricd, Germany and 1 Department of Organic Chemistry, 
Technical University Munich. D-8046 Garching. Germany 

Received 31 July 1991 

Cyciic Arg-Gly-Asp-Phe-Val peptides with either D-Phe or D-Val residues were 20- to more than 100-fold better inhibitors of ceil adhesion to j*f 
vitronectin and/or laminin fragment PI when compared to a linear variant or Cly -Arg-GIy-Asp-Ser. No or only little increase in inhibitory capacity i 
was observed for fibronectin adhesion and for the binding of platelet receptor al!b£3 to fibrinogen. NMR studies of the two most active cyclic 
peptides showed for both an zW-trans conformation with a fi\V and y turn. Subtle conformational differences, however, exist between both peptide?* 

and may contribute to selectivity of inhibition. 

;, i 



Conformation: Fibrinogen receptor; Iniegrin; NMR; Synthetic peptide 



1. INTRODUCTION 

The identification of the Arg-Gly-Asp (RGD) se- 
quence as a cell adhesion site in fibronectin [1,2] was a 
major breakthrough in the molecular characterization 
of cell-matrix interactions. It was subsequently shown 
that several more proteins including vitronectin, von 
Willebrand factor, fibrinogen, thrombospondin and la- 
minin are RGD-dependent adhesion proteins which 
bind to a variety of either specific or promiscuous inte- 
grin receptors [3-6]. Each residue in the tripeptide se- 
quence appears to be crucial since conservative replace- 
ments in most cases abolish activity of synthetic pep- 
tides [2,7], Contributions by residues adjacent to RGD 
are also known [8]. Yet these data do not readily explain 
ihe selectivity of RGD recognition by distinct integrins 
nor the possibility that RGD in a number of proteins 
may be non-functional. The variation of cell adhesion- 
inhibiting activity by restricting the conformational 
space of active peptide sequences, by using them in 
cyclic form, could lead to components with improved 
activity and receptor selectivity [9]. This seems feasible 
as shown for a cyclic synthetic RGD-peptide being a 
better inhibitor of vitronectin than fibronectin adhesion 
[8] and for several snake venom RGD-containing pep- 
tides named disintegrins [10]. In both cases conform- 
ational constraints imposed by disulfide bridges [11.12] 
were important for improving biological activity. In the 

Correspondence address; R. Timpl. M ax -Phi nek -Inst it ut fur Bioche- 
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present approach we used RGD pentapeptides in which £ 
a single D-amino acid induces defined conformational^ 
motifs and facilitates cyclization not requiring disulfide " 
bonds. Two variants showed 20- to 100-fold higher in-;*"' 
hibiting activity than linear GRGDS for cell adhesion^ 
to some but not all protein substrates tested. Based oo/% 
2D NMR spectroscopy and molecular dynamics (MD)^ 
simulations in solution, we also propose a distinct rela^g 
tionship between activity and conformation. 3. 



2. EXPERIMENTAL " # 

Laminin fragments PI and E8 [14] were prepared from the • 
taminin-nidogen complex obtained from the mouse Engelbrcth 
Holm-Swarm tumor. Human plasma fibronectin (Behringwerke. AG). * 
and vitronectin [15] were obtained by chromatography on heparin-.-. 
Sepharose. Fibrinogen from human plasma was a kind gift of Dr H..... 
Hdrmann. Martinsried. Iniegrin allb£3 (GPlIb/llIa) was purified r 
from human platelets (16) and btotinylatcd with NHS-LC-biotin (oh . 
lowing the manufacturer's (Pierce) instruction. Cyclic peptides wert . 
synthesized by the solid phase method with Fmoc protected amino . 
acids using dicyclohexylcarboditmide/ 1 -hydroxybenzoiriazole as cou- 
pling reagents. After release from the resin by mild acid treatment. . 
cyclization was achieved in hiyh dilution with diphenylphospnoryi 
azide at pH 8.5. followed by removal of side chain protecting gro^J 
under strong acidic conditions. The peptides were then punn 
reversed phase HPLC and characterized by fast atomic bombardm : 
mass spectroscopy. Linear GRGDS was supplied by Dr W. K _ t 
Hoechst, AG. 

Conformation of cyclic peptides was studied by NMR 3n .-. 
simulations (17.18). All NMR spectra were acquired on Bruker ^ 
500 and AMX 600 spectrometers and processed on a Brukcr fU fly 
computer. The 'H assignment and the extraction of conlorrnatio 
relevant parameters (coupling constants, temperature c ^^ C !^trj^i 
terproton distances) were achieved by a set of 500-M Hz and 6W ^ 
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|D and 2D NMR spectra (TOCSY, E.COSY. NOESY). For structure 
finemcnt restrained MD simulations were performed in vacuo and 
solution over 150 ps. All calculations were performed on Silicon 
Graphics 4D/25GT, 4D/70GTB and 4D/240SX computers using the 
software package INSIGHT (BIOSYM) for graphical display and 
Imodel building and the programs from the Groningen molecular simu- 
lation system (GROMOS) for all energy minimization and molecular 
dynamics simulations [I9|. The NOEs were included in the potential 
energy function with a harmonic potential. Parameters for MD 
simulations in DMSO are based on unpublished work [31]. 

Optimal substrate coating of microliter wells and analysis of adhe- 
rtnt ceils DV a colorimeiric assay have been described [20). The human 
cell lines usesd were melanoma A375, mammary epithelia HBL-100 
and fibrosarcoma HT 1080 [21,22]. In the inhibition assay, a cell 
suspension (0.5-2 x 10 s cells/ml) in Dulbecco's modified Eagle's me- 
dium was mixed with the peptide solution and immediatcly.placed into 
the coaled wells. Biotinylated integrin allb£3 was used in binding 
assays with immobilized ligands [23] using streptavidin-pcroxidase 
conjugate and 5-amino-2-hydroxybenzoicacid for detection. In inhibi- 
tion a fixed concentration of biotinyl-aNb£3 (100 nM) was preincuba- 
tcd with increasing amounts of peptides (1 h, 25°C), prior to adding 
the mixture to the fibrinogen coat for another hour. 

3. RESULTS AND DISCUSSION 

Previous studies have shown that levels of inhibition 
of cell adhesion by a linear GRGDS peptide or other 
linear variants differ with the substrate used, being high 
(IC50"- 10-50 //M) for vitronectin and laminin fragment 
PI but low (IC 50 - 100-1000 /iM) for fibronectin [7,13]. 
We . have -compared these substrates using cyclic 
RGDFV peptides and linear GRGDS as inhibitors. In- 

Itroduction of D-Phe into the cyclic -structure 
(cRQDFV) increased inhibition of A375 cell adhesion 
tolaminim PI by 20-fold and to vitronectin by 100-fold 
compared to GRGDS (Fig. 1). The use of D-Val in the 
cyclic sequence was more selective as it showed a dis- 
tinct increase in inhibitory activity only for laminin PI 
substrate. These observations were confirmed with 2 
other cell lines and extended to more variants of the 
cyclic structure (Table I). Introduction of a single D- 



Arg or D-Asp into the cyclic peptide produced a distinct 
drop in inhibiting activity below the level of linear 
GRGDS. The same was observed for replacing Gly in 
the cyclic peptides by either D-Ala or L-AIa, in the latter 
case the D-Phe being maintained. 

The increase in activity for some cyclic peptides is 
apparently due to cyclization rather than introducing a 
D-amino acid as shown for linear RGDFV which in 
most cases was of distinctly less inhibitory activity com- 
pared to GRGDS (Table I). Variations in this activity 
have been previously recognized in some, but not all, 
linear RGD sequences being adjacent to a hydrophobic 
amino acid residue [8,24]. 

The adhesion of 2 cell lines (A375, HBL-100) to vitro- 
nectin very likely includes in part the classical vitronec- 
tin receptor avy?3 present on these cells to a variable 
extent [21]. Since we could only partially inhibit adhe- 
sion by either a /?3-specific monoclonal antibody C17 
[25] or an antiserum against fibronectin receptor with 
a strong titer for the /?! subunit, the more recently de- 
scribed vitronectin receptors [6] av/?l and possibly a v/?5 
may also participate. Similar antibody inhibition pat- 
terns were also observed for adhesion to laminin PI [21] 
while an inhibiting monoclonal antibody to the fibro- 
nectin receptor a5 subunit was inactive. This indicates 
that high inhibiting activity of cyclic pentapeptides may 
involve several but not all RGD-dependent integrins. 

The 3 cell lines (Table I) also adhere strongly to fibro- 
nectin and 2 of them, HT1080 and HBL-100, to colla- 
gen type IV and laminin fragment E8. These interac- 
tions were used to compare GRGDS with the most 
active cRGDFV peptide. Both peptides were of similar 
inhibiting activity (IC 50 - 270-500 uM) for fibronectin 
adhesion demonstrating that the high activity of the 
cyclic D-Phe peptide (IC 50 = 0. 1 -4 ^iM) with vitronectin 
and laminin PI substrates is an effect which is specific 
for the receptor(s) recognizing these substrates. Cell ad- 
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Table I 

Inhibitory capacity (IC 50 ) of cyclo (Arg-Gly-Asp-Phe-Val) derivates coniaining D-amino acids or Gly-to-Ala substitutions for cell adhesionon 
v «ronectin (VN) or taminjn fragment PI and for aHb£3 integrin binding to fibrinogen (Fb). Comparison was with linear GRGDS and RGDFV 

peptides 



Inhibitor 



4< 



1C„ fc/M) 




cRGDEV 
cRGDFV 
rcRGDFV 
tRADFV 
C *ADFV 
cRGDFV 
GRGDS 
*GDFV 
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0.1 


0.: 


4 


12 


0.9 


30 


1.0 


>120 


2 


25 


> 120 


IS 


>120 


150 


28 


41 


18 


>120 


>750 


>I20 


>120 


>I20 


>120 


80 


20 


>120 


49 


-120 


m 


5 


14 


4 


80 


6 


42 


> 170 


9: 


>I50 


nt 



m = 



°ot tested. 



51 



Volume 291, number 



FEBS LETTERS 



Octobc 



r 1991 



Vitronectin 



laminin PI 




10 



10 



10° 10 1 
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Fig. I. Inhibition of A375 cell adhesion to vitronectin and laminin 
fragment PI substrates by linear GRGDS peptide (•) or the cyclic 
pentapeptide RGDFV possessing either D-Phe (a) or D-Val (■). Ceil 
adhesion in the absence of inhibitors was set at 100%. 

hesion to collagen IV and laminin E8 substrates was 
insensitive to inhibition by both peptides, with IC 50 va- 
lues distinctly above 500 /dvi. This is in accordance with 
previous data [21,22,26] showing that these adhesions 
are mediated by integrins al^l, a2f}\ or a6£l which 
belong to the RGD-insensitive cell receptors [6]. It also 
indicates that the high inhibiting activity of cRGDFV 
peptide^ for vitronectin and laminin PI adhesion is not 
dueao^totoxic or other effects unrelated to integrin 
recognition. 

Purified platelet integrin allb#3 was used to analyze 
RGD-dependent binding to fibrinogen. In the biotinyla- 
ted form it bound strongly to immobilized fibrinogen 
but not to vitronectin and laminin PL The binding to 
fibrinogen could be most efficiently inhibited by soluble 
fibrinogen with IC 50 = 0.17 ^M. About 10-fold higher 
concentrations were required for the same inhibition 
with the most active cyclic peptide cRGDFV (Fig. 2). 
Other peptides tested were of either moderately 




Inhibitor ( jjM ) 

Fig. 2. Inhibition of binding of biotinyiated integrin allb£3 to im- 
mobilized fibrinogen. Inhibitors used were fibrinogen (O), linear 
GRGDS (a) and the cyclic peptides cRGDFV (•), cRGDFV (/\) and 
cRADFV (□). Non-inhibited binding is set at 100%. Underlined 
residues correspond to D-isomers. 
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(GRGDS, cRGDFV) or distinctly lower inhibitory ca- 
pacity (Table I). 

The conformations of the 2 most active inhibitors 
cRGDFV and cRGDFV, were established by 2D NMR 
spectroscopy and MD simulations performed i n a 
DMSO solvent box (17,18.27). Both peptides were si m . 
ilar in adopting an aW-trans conformation with a p\\* 
turn and y turn structure in which the D-amino acid 
occupies the i+1 position of the f}\Y turn (Fig. 3). The 
major difference is the position of the RGD sequence 
relative to the £11' turn and y turn, and the formation* 
of a different amide-carbonyl hydrogen bond stabil- 
izing the/?II' turn. These bonds arc between Arg-amide 
and Asp-carbonyl in the D-Phe peptide and between 
Gly-amide and Phe-carbonyl in the D-Val peptide. In- 
terestingly, the distance between Phe-carbbnyl and Gly- 
amide in the D-Phe peptide is relatively short (3.1 A) 
strongly suggesting that the peptide maychange to the 
conformation of the D-Val variant. Model building 
studies in fact support such a transition from one to 
another filVy conformation. One can simulate by MD 
with dihedral restraining a conformational transition of 
cRGDFV via an intermediate fi\y- turn arrangement, 
shifted by one residue compared to the initial conforma- 
tion. A conversion of the y x into a y turn results in a 
backbone conformation identical to that determined for 
cRGDFV. A comparable turn rearrangement is not so 
easy to perform for cRGDFV, because it lacks the 
structural requirements for the interconversion into the 
conformation of cRGDFV. For example, the large dis- 
tance (7 A) between Asp-carbonyi and Arg-amide in 
cRGDFV prevents a similar conformational change. 
Hence, the proposed transition between 2 conforma- 
tions could easily explain why the D-Phe peptide effi- 
ciently competes against cell adhesion to both, vitronec- 
tin and fragment PI, while the less flexible D-Val pep- 
tide may be a more selective inhibitor for laminin PI- 
adhesion. 

The strong reduction in inhibiting activity after Gly 
to Ala substitution in the cyclic pentapeptide is most 
likely explained by steric hindrance of binding by a 
single methyl group such as found before for linear 
RAD sequences [2,7]. This is particularly obvious for. 
cRADFV which should have a conformation almost 
identical to that of active cRGDFV while loss of activity 
in cRADFV may also be due to a shift in the positions 
of the p\Y and y turns. Such shifts could also explain 
the low activity of the peptides cRGDFV and cRGDFV 
which by analogy to the conformations shown in Fig. 
3 would place the essential RGD sequence into a differ- 
ent context within the p\Vy turns. The low activity of 
the cyclic D-Arg variant was of particular interest, since 
replacement of L-Arg by D-Arg in the linear GRGDSP 
peptide did not cause any substantial change in inhibi- 
ting activity for vitronectin and fibronectin adhesion 
substrates [8] 
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Fig. 3. Stereoplots of the conformations of the most active peptides cRGDFV (top) and cRGDFV (bottom) based on 2D NMR and MD simulation. 
Urge circles show carbon (open), oxygen (filled) and nitrogen (stippled) atoms. Polar hydrogen atoms are indicated by small circles. The £11' turn 
is shown at the top of each peptide. Essential hydrogen bonds stabilizing the £11' turn and the y turn are indicated by dashed lines. Arrows in the 
upper peptide indicate amide and carbonyl groups involved in a possible transition to the conformation of the lower peptide. Both conformations 
arc consistent with experimental NOE data and the temperature coefficients of the NH resonances of protons involved in hydrogen bonds being 

in the range of Jt?/JT = -0.75 to 3.78 ppb/K. 
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constraints which impose high biological activity upon 
dtPfcyclic RGDFV peptide, several cyclic hexapeptides 
cRGDFVA containing a single D-amino acid were syn- 
thesized. Peptide cRGDFVA, which most closely 
esembles one of the active cyclic pentapeptides, was of 
3-5-fold lower inhibiting activity for laminin PI adhe- 
sion when compared to linear GRGDS. Conformatio- 
nal analysis of this hexapeptide showed, as expected, an 
i\Urans conformation with D-Phe in i+1 position of a 
fflV turn, but a fill turn with Arg in i+1 and Gly in i+2 
positions instead of a y turn. The distance between 
fcarbons of Arg and Asp which was 7.8 A. in the hexa- 
peptide and only 6.6 A in the pentapeptide was a further 
substantial difference. We assume that these conforma- 
tional differences are mainly responsible for the large 
differences in biologicaI<>activity between both cyclic 
Peptides. We have previously also utilized a synthetic 
Peptide for inhibition [13] comprising the authentic la- 
J^nin A chain sequence [28] CQAGT- 
p ALRGDNPQGCSP-amide. This peptide, when used 
J" either linear or cyclic disulfide-bonded form, was no 
ktter an inhibitor than GRGDS for PI substrates. This 
^Phasizes that the steric restrictions imposed in small 
* n gs are crucial for the specific conformation required 
* efficient binding to RGD-sensitive integrins. In ad- 
( ll| on, the precise position of RGD within p\V and y 
Ur ns as well as the chirality of the spacer residues (Phe, 



Val) 



may contribute to the activity and selectivity of 



bi ndiag. 

0l her studies have shown that the disulfide-bonded 
: P l 'de GPenGRGDSPCA (where Pen is penicillamine) 



inhibits cell adhesion to vitronectin about 10-fold better 
than the linear variant [8]. NMR analysis of this peptide 
[1 1] demonstrated 2 consecutive /?l turns and a y turn. 
This particular conformation may explain the lower 
relative inhibiting activity observed for this structure 
when compared to cRGDFV (Table I). A comparable 
100-fold increase in inhibiting activity for vitronectin 
adhesion was recently reported for the cyclic hepta- 
peptide cGRGDSPA when compared with the linear 
form, while smaller cyclic RGD peptides were far less 
active [29]. Here, it remains interesting to analyze to 
what extent the conformation of the cyclic heptapeptide 
comprises that of cRGDFV. 

The high inhibiting activity of cyclic RGDFV and 
RGDFV peptides for certain but not all adhesion reac- 
tions was not. predictable. However, the synthetic ap- 
proach adopted was successful and also permitted the 
correlation of activity with distinct conformational fea- 
tures. The selectivity of inhibition will be useful in ana- 
lyzing the receptors involved and to study their biologi- 
cal functions. In addition, such cyclic peptides are likely 
to be metabolically more stable than linear sequences, 
which may be an advantage for in vivo studies of deve- 
lopmental processes or tumor metastasis [30]. 
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water-soiuiie CO derivatives include a , 3 and 7 CO 

derivatives having non-ionic substituents including but net 

Halt* to al*yl substituents sucn as methyl, ethyl, , tc . , as 

veil as these in which a nunher of hydrcxyl grcucs a- 

5 replaced by other groucs so as to in C -ea««» * w . , . 

. * u increase the hydroDhilic 

~ ! ;-" S w ~" JUch * rou ? s ™Y include, esters, e^e-s 

thieeaters.. thiaethars, carboxylic ac^s ~ r -t^ " " ' 

... i — — — J ~~ warier err cuds 

vhicn convey hydrcphilic activity by vay of polar or hydrogen 
bonding constituents or th.y .ay include partial hydroxy! 

10 substitution that allows bette- hvdr-ca-i ™^ ■ 

. nyarwcan oondmg involving 

cne remaining hydroxyl groups. 

The CO derivatives -cpfni *-u 
h : rM „ J «-/es .serul .n the present invention are 
highly hydrochiii c and *-^-T^f= n , 

vi-hW h • ' t — ero.e very water soluble. Without 

-/lotting to c S s ourt Q K y t >, 3rt „, . 

•» belie-.-e tnat a highly 

solubility cf the der'"-<-<«-« _ 

- - ' - «4i i.3pOi taut factor which 

u , • Da -i-vc« thau the hydrophlilic activity is 

roughly indicated by a . fi , (f „ v y ls 

vafo>. a.tmity to water, as measured by 

si nro u- w ~ measure the same at 0*C 

Jlnca at hl 5 ha ' temperatures the mo— sui-ahio h ■ w 

„ tha A "!! OWn , ^ Tat " '^P 1 - infra, Section 

w Jt It;' ! a soiubiuty ' — *<* « o-c, 0£ ac 

AU T /10 ° J ° re P«««»My about 30 ga/loo al . 

-, =. .hu «*««,ti.U, anhy^-cus Privative, . and ' 
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when these are salts, to the ans,,^ 

'very soluMe- as used J^'^^""'" £0 "' «• 

these ar e within ch( , / FO ar.d that 

<U 9 hly vater-soluMe .erLatLt ln 7 enti r- 

10 The phrase -salt derivative- as » M „ . 

ionic compound derived fro- a CD bv an 
reagent. Th e preferred sal t V ^ * SUit * bl * 

Oclode.trin hlvin g ^tlT^^r*- * ^ 

acceptable cat" Zr JT^T 

i~™ =o„s. ( see: Te : r ;::: r :;- r :rt d ^r;:: s - 

But many potentials useful / 

structurally or chemically 0 f *no™ c W "° 

20 Possess several Afferent slt^s T' The1 ' 

the cyclodextrin propoKyl sul « " "a ° f 

■»«• Previously heen r^T'lt^TT "* 
Preferred salt fo^a of the derivatives are th"e „ 
pot,,.,!™ fonna, since these tend to ^ 

polyelectrolytes when in aqueous solution A M ^ ■ , 
Preferred salt deriv-itfv.. • <">«"•>. A particularly 

0 M-CD-TOS, , dl - rl " tiv< = » ^-cyclcdextrin tetradeca sulfate 

the „2l 13' =m 7 ' CD 3Ulf "° Salt = a « »" - 
p M( ; ' ClAln0d sulfate salts are " 

i Ltd :;:n 3 dn9ro " ot '°»*«« u „ it M „ 
; ,x«cc. uni ;s o h t u ;: 0 ono suic "° — - 

o ouitato groups per glucoses unit. 



Cyclodextrins having about two sulfate groups per glucose 
unit are preferred. Especially preferred is 0-CD-TDS which 
has an average of two sulfate groups per glucose unit. 

5 6.2. STEROIDS AND NON-STEROIDAL ORGANIC COMPOUNDS 

Aiaong th-e steroids which 'are effective and can be 
utilized in the presently claimed invention are the 
following : 

17 alpha,. 21-dihydroxy-4-pregene-3 , 11, 20-trione and its 21- 
•q acetate (or cortisone) ; 

11 alpha, 17, 21-trihydroxypregn-4-ene-3 , 20-dione (or 11 alph 
hydrocortisone) ; 

11 beta, 17 alpha, 21-trihydroxypregn-4-ene-3 , 20-dione (or 

hydrocortosone) ; 
15 17 alpha, 21-dihydroxypregna-4,9(ll)-diene-3.20-dione; 

15 alpha, 17 alpha, 21-trihydroxy-4-pregnene-3 , 20-dione; 

15 alpha, 17 alpha, 21-trihydro^y-6 alpha -aethyIpregn-4 -ehe- 

3,20-dione-21-acetate-16,17 cyclic ketal of acetone; 

6 alpha-f luoro-I7 alpha, 21-dihydroxy-16 beta-methyl-pregna- 
2Q 4,9(ll)-dinene-3,20-dione; 

6 alpha-f luoro-18 alpha , 21-dihydroxy-16 beta-methyl-pregna- 

4,9(11) -diene-3 , 20-dione-17 , 21-diacetata ; 

6 beta, 17 alpha, 21-trihydroxypregn-4-ene-3 , 20-dione ; 

17 alpha, 21-dihydroxypregn-4-ene-3 , 20-dione-21-acstate; 
25 17 alpha, 21-dihydroxypregn-4-ene-3 , 20-dione (or 

Cortexolone) ; 

9 beta, 11 beta-epo3C*-l7 alpha, 21-dihydroxy-2 alpha- 
nethylpregn-4-ene-3 , 20-dione-2I-acetate ; 

17 alpha, 21-dihydroxy-16 alpha-icethylpregn- t-ene-3 , 20-dione 
2q 9 alpha, 11 beta-dichloro-17 alpha, 21-dihyciroxypregn-4-ene- 
3 , 20-dione-21-acetate 

17 alpha, 21-dihydro>cy-6 alpha, 16 aipha-dimethylpregn-4- 
ene-3 , 20-dione-21-acetate; ; 
17 alpha, 21-dihydro:c/-16 alpha-me thylpregna-4 , 9 ( 11) -di ene- 
35 3 , 20-dione-21-acetata; 
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17 uph.. 2 l- dih v droxy _ ls b eta - n<ithylpregna _ 4 
3,20-dione-21-be.nzoate; 

! !^f^ d flUOr0 - 17 3lpha ' beta- m ethylp r e g na- 
*'»(^>^«na-3,20-diona-i7-acatata-21-b.nzoata; 

5 17 alpha, 2l-dihydrcxy-i6 *eta-«athylprag„a-l,4,9(li,- 
«iene-.3,20-dione-l7-»ucci„ata sodium mo no hydra t e • 
9 ai P ha-fluoro-ii beta, 16 alpha, 17 alpha, 21-tet*— vd~~v- 
pregn-4-ene-3,20-aione-l6,2i-diacetate; " 
17 alpha, 21-dihydroxy-ls alpha- B .thylpragna-l , 4 , 9 (11) - 
triene-3,20-dicne-21-succinate sodium monohydrate • 

1 TTnTT CO ' 17 alPha ' 21 - dih ^^-^ >eta-m e thyl-pregna- 
^9(ll>-triana-3,20-diona-21-succinata sodium; 
desoxycorticosterone ; 

testosterone ; 
15 estrone; and 
tetrahydro S. . 

More preferred are those steroids wh<rh 1 
glucocorticoid and mineralo-corticoid activity, since such 
activity is an uncesired effect and limits the dose si 2e o- 

20 IZ21° £ ° f Ster ° id f ° r ^ PUr?OSe ° f th « P««n t 

indention. Among such more preferred steroids are 11 alpha, 

-^21-trihydroxypregn-4-ane-3 f 20-dione (or 11 alpha- 
hydrocortiaon.) , 17 alpha, 21-dihydroxy P regn-4-ene-3 , 20-dione 
Ul-desoxycortisol or Cortexolone) , and 17 alpha, 21- 
25 dmydroxypregna-4 ,9(11) -diene-3 , 20-dione. 

None of the. steroids themselves effectively inhibit 
ar.giogenesis nor causes regression of tumors in -the- absence- 
of a water-soluble cyclodaxtrin derivative of the present 
invention. F 

30 As taught by the present invention, the grcwth- 

inhibitory activity of non-steroidal organic compounds is 
Fo-centiated by combination with a water-soluble cyclodaxtrin 
derivative. Among the non-steroidal growth-inhibiting " " 
organic compounds which are effective and can be utilized in 

35 the presently claimed invention are the following: proline 



analogs such as L-2 azetidinecarboxylic, cishydroxyproline, 
and 3 , 4-dehydroproline and transretinoic acid acid. 

Additionally, any non-steroidal organic comccund which 
in combination with a cyclodextrin derivative demonstrates 
5 growth . inhibiting activity in either of the bioassavs 
described below can be utilized in the methods of the 
presently claimed invention. - 

Several bioassays have been developed to estimate the 
angicganic-inhibiting potency, if any, of a substance. The 
JO rabbit cornea is the basis of one of these methods. The 

cornea is avascular, A small pocket can be made in it and a 
turner implant can be inserted while the rabbit is 
anesthetized. The tumor is separated from the vascular bed 
of the host. New capillary blood vessels will grow in a 
15 linear manner toward the tumor, and the rate ol* vessel growth 
can be measured. [For a more detailed description of this 
assay, see. Gimbrone et ai . , J, Nat' i Cancer Inst. 52 : 413 
(1973) incorporated herein by reference]. 

A more economic bioassay makes use of the 
2Q chorioallantoic membrane of the chick embryo. This test will 
for convenience be referred to hereinafter as the "CAM 
assay*. For a more detailed description of the CAM assay, 
see Folkman et al., Science 221:719 (1983), incorporated 
herein by reference. A typical CAM assay, such as used for 
25 the evaluations in the examples in Section 7, infra, employs 
16 eggs per experiment. A 2 mm. 'diameter disk of - - 
methylcellulose containing the tist substance is applied to 
the chorioallantoic membrrne or a 6-day chick embryo, 
cultured in a Petri dish, in a humidified incubator with 3% 
2Q carbon dioxide. Two days later (8-day embryo), the membrane 
is examined under a stereomicroscope at six- to ten-fold 
magnification. Inhibition of angiogenesis by the test • - 

substance is evidenced by the development of an avascular 
zone around the methylcellulose disc. An avascular zone of 4 
35 mm is graded as and an avascular zone of 2 mm is graded 
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at (+) . The potency of the inhibition at the 2 mm and 4 am 
zone(s) are expressed as the percentage of the total number 
of eggs (usually 16) in the test that were rated (++) or (+) , 
i.e., the % of -successes-. A rating of zero % reflects 
5 absence of inhibition of the test substance under the test 
. ccnditions. 

The sustained release methylcellulose discs are 
prepared by dispersing appropriate amount (s) of the test 
substance of substances in an 0.45% aqueous solution of 
methylcellulose, and depositing 10 microliter aliqucts of the 
resulting solurion in a Teflon mold, . followed by air drying 
for about one hour in a laminar flow hoed. 

A very advantageous feature of the CAM assay is the 
very high sensitivity of the chick embryo to toxic 
15 substances. Moreover, the lack of toxicity of a substance in 
the CAM assay has been correlated with lack of toxicity of 
such substance when administered to other animals. 

6 - 3 • APPLICATIONS AND METHODS OF USE 
20 The composition of the present invention is useful for 

inhibiting undesirad cell and tissue growth, including 
angiogenesis. Of course, the composition of the present 
invention comprising a water soluble derivative of an a-, 0- 
or 7-CC and a steroid is to be administered to mammals 
25 including humans in need of such treatment. For example, 
mammals with tumors are in need of treatment with the 
composition of the present -invention. --While not completely " 
understood, it is believed that treatment with the 
composition of the present invention inhibits the creation of 
3Q new capillaries necessary for' tumor growth. This results in 
the tumor having an insufficient supply of nutrients 
essential for its growth or even for its vitality. Thus, 
tumors in mammals including humans, when treated in; ' ' 

accordance with the present invention, do not grew and may 
35 even lose their vitality and die. Among the tumors 
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contemplated as responsive to the composition and methods of 
this invention are Reticulum Cell Sarcoma, Levis Lung 
Carcinoma, 3-16 Melanoma, and Bladder Carcinoma, etc. 

Neither mature non-growing bleed vessels nor vascular 
5 tissue appear to bo affected by the treatment with the 
composition cf the present invention. Inhibition cf 
angiogenesis in accordanca with the present invention, in 
addition to its effect upon turner regression and metastasis 
in tumor-bearing animals, may be effective in treating a 
number of other ailments. 

The present invention further provides a method for 
treatment of a number of other non-timorous disorders which 
are characterized by pathological cell or tisbue growth, 
including angiogenesis. Thus the invention provides a method 
for treatment of mammals, including humans, afflicted with a 
number of non-neoplastic pathological conditions including 

rheumatoid a >-+■ Hr-i f i c •? r» r^H i /-V-i — 4ti , l. t_ ^_ . 

— — — ~- ' —** - — — »iw*.*u.ii. w xx xax. % yZuwuxi Can 

destroy joint cartilage; hemanogiomas , in which abnormal 
capillary proliferation appears in newborns and can persist 
for up to 2 years; angiofibromas which develop in the 
nasopharynx; psoriasis, in which excessive proliferation and 
shedding may be dependent on abnormal capillary growth in the 
dermis. Additionally, the present invention provides a 
method for treatment of a number of ophthalmological 
pathologies which a-- associated with undesired angiogenesis, 
including diabetic retinopathy, -retrolental fibroplasia -and 
neovascular glaucoma. 

The present invention further provides a method for 
inhibiting undesired smooth muscle cell development often 
observed following angioplasty or treatment to remove 
atherosclerotic plaques which occ]*:^.e blood vessels. 

According to one embodiment of the method of the 
present invention, the active agents are mixed together prior 
to administration so that the steroid compound or non- 
steroidal growth-inhibiting compound is administered in 
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combination with the water-soluble cyclodextrin derivative. 
After the mixture is prepared, it may be administered orally 
or pare.nterally including, inter alia, topical apolication 
intravenous, intraarterial or subcutaneous injection, and' 
5 including absorption as well as injection and introduction 
into body apertures or orifices. 

Cortisone and its physiologically accepted non-toxic 
derivatives, such as the acetates, as well as manv other 
steroids useful in the present invention, are only slightly 
10 soluble in water. However, when combined with the water- 
soluble cyclodextrin derivatives of the inventicn, the " " 
resulting complexes have increased water solubility. 
Accordingly, the composition of the present invention can 
easily be administered. The tern 'cortisone* and 
15 'hydrocortisone- and n-« isomer of hydrocortisone as used in 
the present specification and claims are intended to include 

— ---^^^ Lucasexves ana rneir derivatives and 

structural variants. 

According to an alternate embodiment of the method cf 

20 the invention, the active agents are each administered 
separately and the combination of the two agents forms in 
vivo. In this embodiment, the two active agents can be 
introduced separately either via the same or different routes 
of administration, so long as both agents are thus present 

25 simultaneously in vivo , permitting a complex mixture of the 
two active agents to form. 

Dosages employed are limited only by the we 11 -known """ 
limits of the administration of drugs individually for their 
usual effects, in the case of cortisone, hydrocortisone, or 

30 11-3 isomer. Since the CD derivatives . useful herein have no 
anticoagulant effect and show no toxicity in the CAM test at 
dosages employed according to the method of the invention 
(see below), they may be administered percutaneous ly in 
dosages at least as large as those acceptable for heparin. 

35 Oral dosage may be considerably higher. Simple testing, for 



example by the procedure of Example 3 in U.S. Patent 
Application Serial Number 641,305, filed August 16, 1984, 
suffices to determine effectiveness and optimum dose. The 
procedure of example 3 is incorporated herein by reference. 

'The dose amount required to bring about arrest of 
tumor growth or regression of tumors varies depending upon 
the identity of the turner, as does the length of time 
required to bring about arrest or regression of tumors. 
Tumor size at the Leginning of treatment also affects the 
length of time for complete regression. Because 
administration of cortisone, with or without £-CD-TDS (Na) , 
for example, may result in pulmonary infection after a number 
of days, it may be desirable to administer a suitable 
antibiotic as prophylaxis during treatment in accordance with 
the present invention. Such antibiotics can be mixed with 
the water-soluble cyclcdextrin derivative and the steroid or 
non-steroidal growth- inhibiting agents of the invention and 
administered as a mixture or, alternatively, the antibiotics 
can be administered alone contemporaneously with the water- 
soluble cyclodextrins and growth-inhibiting agents uf the 
invention either by the same or a different route of 
administration. 

As shown in Table I, infra Section 7, it appears that 
a weight ratio greater than about 2 : 1 or a molar ratio of 
greater than about 0.4 of water-soluble CD derivative to 
steroid leads Jfcq. a . decrease of..antiangiogenic activity . 
The preferred molar range and th<j molar ratio of CD 
derivative to angiostatic agent (steroidal or non-steroidal) 
is 0.004 to about C.7. A more preferred useful range is 
about 0.04 to about 0.7. The latter range is particularly 
useful in topical applications, including as eye drops for 
ophtalamological uses. The amount of angiostat will : 
generally be of the order of 0.1 to 10 mg/ml when admixed 
with the CD derivative, however, the absolute amount may 
depend cn the mode and frequency of administration 
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The effective compositions of this invention are best 
administered in a suitable carrier, which must be non-toxic 
and physiologically acceptable, such as water or normal 
saline solution. Ccrpositions containing mixtures of the 
.5 active agents or each of the active agents alone, either dry 
or in a suitable carrier, can be employed. 

7 . EXArfPLSS 

The following examples are provided to illustrate this 
, 0 invention. However, they are not to be construed as limiting 
the scope of the invention, which scope is determined by this 
entire specification including the" appended claims. All 
amounts and proportions shown are by weight unless 
explicitely stated to be otherwise. For the CAM. assay, 
15 - however, % refers to the number of 'successes*. (See Section 
6.3, above) . 

Examples 1 (A-D) 

This example illustrates the best mode known to us for 
2Q preparing and purifying cyclodextrin sulfates. The method is 
not per sa considered part of the present invention. 

(A) 8 CD-TPS (Ua.) z 

/J- cyclodextrin (99% pure dihydrate) was purchased from 
25 Chemalog (a division of General Dynamics Corp.), South 
Plainfield, New Jersey. 

■~ 5,0 S raa s of p-cyclodextrin- (4.4 mmoles; i.e. , about 
92 aeq -oh) was dissolved in 250 ml of dimethyl formamide 
(DMF) . To this solution was added 15 .0 grams of (CH^N-SO 

30 (108 mmoles) in a single portion and the reaction mixture was 
heated to 70 'C. After two hours at 70 'C, a gummy material 
began to precipitate. The reaction mixture was maintained at 
70 *c with vigorous stirring, and then cooled to room : 
temperature. The DMF layer was then decanted and discarded, 

35 and the solid residue was dissolved in 250 ml of water 
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followed by addition c: 75 ml of 3 0% sodium acetate. The 
aixture was stirred vigorously Tor 4 hours and then poured 
into 4 000 al of ethanol. After standing overnight, the 
aixture was filtered to recover the crystallized solids. The 
filter cake was washed with ethanol (absolute) followed by 
diethyl ether. The product was then dried under vacuus over 



10.3 grans of wniue powder was recovered. The product 



r 2 v 5' 
was hygroscopic, 



10 



The product was analyzed under conditions such that 
sorption of water was ainiaized. Eleaental analysis gave 1*he 
following results; C=I3.34, K=2.65, S=17.33 (Calculated for 



C 6 H 3°ll S 2 Na 2 ; c=i3 * 67 / 3=2.19, S=17.49). 



[a] 2 ^=75- (C=2.63 



in 0.5 H KaCl) . The analysis corresponds to that expected 
for an average substitution of two hydroxy! groups for each 
15 glucopyranose unit, i.e., 14 hydroxyls per CD aolecules. The 
calculated yield for such £-CD-TDS salt is 10.9 6 graas, about 
6% higher than the observed 1C.3 grams. 



that 86 aaoles of CH 3 N-S0 3 was used with 



(3) q- and y-CD-S (Na salt) : 

20 The Procedure described above was used for these 

preparations e^cep 

a-CD, and 117 aaoles with the 7 -CD 

The sulfated a-CD salt analyzed C=13.76; H=2.60; 
S»16.22. This corresponds on average to a substitution of 
25 about H.7 hydroxy 1 units per a-CD molecule. 

The sulfated 7-CD salt analyzed C=18.92; H=2.69; 
S=14.84. This corresponds on average to a substitution of 
about 14 hydroxy 1 groups per 7 -CD aolecule. 




30 TC) <rCD-5Q : (Na salt) (7.1 vt% S) : 

1.0 ga of 0-cyclodextrin was dissolved into 50 ai of 
DMF. To this solution was added 883 ag of (CH 3 ) 3 M # SQ 3 (7.2 " 
equivalents). The solution was held at 75'C for 12 hours, at 
which tine no precipitate had formed. The reaction aixture 

35 was cooled to room teaperature. To the solution was added 




200 ml of ethanol. The resulting colloidal solution was then 
poured xnto 600 ml of diethyl ether. A white solid formed " 
2 hours The solid was collected by filtration and then wa« 
dxssolvea xn 30 =1 H,0. This solution was stirred for 2 ~ 
5 hours After stirring, the solution was poured into 900 =1 
of a- 2:1 EtOH-Et 2 o solution, crystals forced over an 3 hour 
perxod. The crystals were collected and washed vi-s ft 

The product was dried ove'- » ^ 

ove. ^ 2 ^ s UJlC Jer vacuum, i.is ga of 

powder was recovered. (72.4% yield). 
10 Elemental analysis of the product showed C-32 49- 

H-4.99; and s-7.06. This corresponds on average to a 
substitution of about 3.5 hydroxyis per .-CD molecule. 

(D) 3-CD-Propoxylate -14 s o 
,5 ?-CD-(hydroxy-n-propyl ethe"r) was obtained from 

Amerxcan Maize-Products Co. (Hammond, IN) and the procedure 

described ahov» wac „ co ^ +-„ _^ 

_ — i-j-cwctie uie sulfate salt, 3-CD- 

(-4Pr-14 SO ) . H 
4 
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25 



30 



Examples 2-15 

■ In these examples the angiogenesis-inhibiting potency 
of hydrocortisone with various dosage levels o^ /J-CD-TDS 
prepared as in Example 1 was evaluated by the CAM assay. The 
methylcellulose discs all contained 60 „g of the steroid but 
the 4-CD-TDS was varied from 100 »q down to 0.05 M g The 
results are summarized in Table I. As can be seen from the 
aata, angxpgenesis. inhibition persists with extremely low 
levels (0.05 „g) of the CD compound with no evidence of 
activation of angiogenesis at two thousand-fold higher 
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TABLZ I 



CAM Assav 



10 



15 



Example No, 


Hydrocortisone 


Seta-CD-TDS 


% 


% 


2 


60 


100 


— 


57 


3 




50 


60 


W W 


4 




50 


22 


55 


5 


it 


25 


10 


60 


6 


jr 


25 


18 


55 


7 


jr 


10 


40 


70 


3 


jr 


10 


6 


40 


9 


^ 


5 


0 


50 


10 




1 


0 


50 


11 


jy 


1 


0 


42 


12 


M 


0.5 


0 


40 


13 


a 


0.1 


0 


45 


14 


19 


0.1 


0 


37 


15 


if 


0.05 


0 


20 



20 

In contrast with these results, CAM tests made with 
100 ^g of a-, or 7- cyclodextrin with 50 /ig of 
hydrocortisone all showed total absence of angiogenesis- 
inhihition [no successes at either the 1 mm zone (+) or the 2 
25 mm zone (++) level]. 



Examples 1S-17 

Examples 16 and 17 illustrate the low, but useful, 
activity afforded by the sulfated a-CD and 7 -CD as shown in 
20 Table II. Date for Examples 5 and 6 are included for 

comparison. All tests were made with 25 of the indicated 
CD sulfate and 50 »q of cortisone. 
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Example CD Sul^y — CAH Assay 

"' 3 16 Alpha 

17 Gamma 18.9 

= 3eta-CD-TDS 17 . 3 

6 Beta-CD-TDS 17.3 55 

10 ! 



JE* % * 

16 - 2 3 0 

15 0 
60 15 
IS 



Examples 18-22 

This group of examples shows that the ar.gicgenesis 
suppression activity requires, aside from ^character ^st^ 
complexing activity of the CD structure, a high water 
15 solubility. The CAM assays were made with a dosage of SO P g 
to 60 pg of hydrocortisone in 10 „l of 0.45% methylcellulose 
in water. 

In order to make comparisons that included the very 
water-soluble CD sulfates, the solubilities of which were so 
20 high at room temperature that measurement was not practical, 
all sol-ability measurements were made in liquid water at zero 
•C one can picture this to be a measure of the competition 
of the hydrophile bonding with water in relation to the 
orderly bonding of water to itself. These comparisons are 
25 summarized in Table III. 

Examples is, 19 and 20 describe the results for the 
miuuistituted CDs, which gave no indication of angiogenesis 
suppression activity in the CAM assay. Example 21 shows the 
results for a sample of propoxylated 0-CD (hydroxy-n-prcpyl 
30 ether) obtained from American Maize-Products Co. (Hammond, 
IN) , reported to have an average of about 4 hydroxypropyl 
groups per CD molecule. Examples 22 shows the results* . - 
obtained with the less sulfated 0-CD product from Example 
1(C) above. The results for Examples. IS, 17 and 5, 

35 



including water solubilities at zero *C, are included to 
complete the comparison. 
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CAM Assays 



Ex, 

5 yo- 



Com- 
pound 



Cone. 
ug/io ui 



No, 

Examples 



13 
19 
20 


a-CD 
.d-CD 
7-CD 


100 
25 

100 
25 

100 


27 
20 
19 
23 


10 21 


£-CD- 

lated 
(- 4 Pr) 


100 


52 
50 


21a 


/ 5-CD-14M-a 
(- 14 Meth) 


100 
25 


57 
37 


15 20 


CD — 
(• 7 SQ 4 ) 


10C 
25 


25 
27 


22a 


£-CD 

(~ 4 pro- 
poxylated) 


25 




20 


(~ 14 S0 4 ) 
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a-CL 


100 


40 




(- 12 S0 4 ) 


25 


25 


17 

25 


7-CD 

<- 16 S0 4 ) 


100 
25 


19 
20 


5 


^-CD-TDG 


100 
50 


101 
75 


ou 




25 


107 



Avascular 
zones - 

5+0.3 

0 

0 

0.04 
0 

29+10.5 
31+ 9.7 



22+ 5.7 
2 0+ 4.2 

20+ 9.6 
8 + 3.1 
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17+ 4.7 
4+2.7 

32+ 5.3 
19+ 1.7 

55+ 7.5 
75+ 5.3 
53+ 7.0 



Solubility, 
0*C, 
ga/100 al H-Q 



o 
6 

0.7 
0.7 
★ 

20 
20 



32 + 
32 + 

13 . 
13 



39 



36 
36 

38 
33 

42 
42 
a: 



Insufficient material available for solubility 
determination. y 
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Example 23 

This example illustrates that Ccrtexolone with ,3-CD- 
TDS is an exceptionally effective antiar.giogenic composition. 
Cortexolcne is closely related to .cortisone chemically. 
5 However, it - possesses aincst none of the functions of 
cortisone, except for the antiangioger.ic effect in the 
presence of heparin. 

Correxolone, 50 ^1/10 ;il alone, gave zero % avascular 
zones in the CAM assay. 
10 At the same dosage level, with 25 pg/10 /il of ;3-CD- 

TDS, the CAM assay showed 85% avascular zones of which 31% 
are (+^) or greater. 



15 Example 2 4 

This example demonstrates that the angiostatic activity of 
L-2-azetidinecarboxylic acid, which has some inherent 
angiostatic activity, is strongly potentiated by the presence 
of CD-TDS. The results of the CAM assay, in the absence and 
20 P resence of CD-TDS, are given in Table IV, Examples 24(a) and 
24(b) , respectively. 
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5 (a) L-2-Azetidine 
(b) L-2-Azetidir.e 



TABLE IV: L-2-AZSTIDtwt- 

fief/ 10 gl uq CD— TPS % Avascular Zone's 
400 - o I! " 



■400 



100 



50% of these avascular zones were ?+, an d 25% vere 3 +, 
iu largest avascular rones ev« r observed, a™^>- 
than 10 mm. ' ^ 
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Example 25 

This example demonstrates the /3-CD-TDS is about three 
times as effective as whole heparin in suppressing smooth 
15 nuscle cell (SHC) growth when each is used alone (i.e., 
without exogenous corticosteroid or other supplementation) . 
The bioassay of this activity was made using tissue cultures 
of rat aortic SHC and calf aortic SHC, with dosages ranging 
from 0.03 ng/vil up to 400 pg/ml. 

20 The ^sults are shown graphically in FIG. 2(A) and 

(3) . 

Example 2 6 

This example demonstrates that topical administration 
of ,3-C-TDS in combination with hydrocortisone effectively 
inhibits neovascularization in the cornea. 

The rabbit corneal test described- by - Perl in r - Fed . - 
Proc. 36:101 (1977) modified as described below, was employed 
to examine the effectiveness of a combination of £-CD-TDS and 
hydrocortisone. In this corneal test, a sustained release 
polymer impregnated with bacterial endotoxin was first 
implanted in rabbit comeas. Endotoxin slowly released from 
this implant induces angiogenesis in the cornea in a manner 
analogous to the neovascularization observed in patients 
35 rejecting a corneal transplant. Rather than employing a 
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second implant containing the test substance to deliver such 
test substance as generally used, in the present experiments 
the test subs-aiice was applied topically to the cornea, i.e., 
in the form of eye drops. Animals .having received an 
5 endotcxir.-ccntainir.g implant were divided into four groups 
and vere treated by topical application (eye drops) as 
follows: 

Group i, was not treated further and served as the control 
group; Group 2, received hydrocortisone alone (0.5 ag/al) ; 
10 Group 3, hydrocortisone-21-phosphate and £-CD-TDS, (0.5 ag/ml. 
and l.o ag/al., respectively;; and Group 4, £-CD-TDS (1.0 • 
ag/al) . The diluent for the eye drops was saline in all 
cases. FIG. 3 (A-D) illustrates the results typically 
obtained on the 9zh day ?ost-iaplantation and treatment. 
15 As shown in the phonographs of FIG . 3, a combination 

of hydrocortisone and fl-CD-TDS when topically applied to the 
cornea was vary effective in inhibiting angiogenesis (FIG. 
3C) . The efficacy of this treatment is particularly apparent 
when the results obtained are compared to those observed in 
7Q the untreated or control group (FIG. 3C vs FIG. 3A) . In 
fact, in animals treated with hydrocortisone and ,9-CD-TDS, 
capillary growth was not only inhibited, but also new 
capillaries which had foraed before initiation of the 
traataent ragressed (FIG. 3C) . On the other hand, 
2S hydrocortisone alone produced only a slight inhibition of 
angiogenesis (FIG. 3B) . ,9-CD-TDS alone caused a slight 
--stimulation" of angiogenesis "(FIG. 3D). 

In another series of experiments, the antiangiogenic 
activity of a water-soluble cyclodextrin salt derivative in 
20 combination with cartexolone was evaluated using the rabbit 
cornea test as described by Gimbrone et al., j. Na t'l Cancer 
Inst. 52:413 (1974). m these experiments, coli endotoxin 
(17 pg/mn ) incorporated into sustained release polymer 
pellets of ethylene vinylacetate copolymer [Elvax, Sigma 
35 Chemical, St. Louis, HO (hereinafter -Elvax-) ) was implanted 
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between the vascular limbal edge of the rabbit corneas. - e 
tesr substance(s) were administered by means of a second 
Zlvax iaplant incorporating the particular test substance. 
Elvax containing endotoxin was iaplanted into the 
5 corneas of 12 rabbits. The animals were then divided i„co 4 
groups, and 4 eyes vera treated for' each group as f=i: - W3 . 
Group i, received nc rurrher treatment and sl~sed~ll"ll ' 
control group; Group 2, /J-CD-TDS at 15 pg/aa 3 Elvax -e^t ■ 
Group 3, cortexolone at 30 pg/aa 3 E i v? ,: pellet~~ar.d GrouH 
a combination of j-cd-TDS and cortexolone incorporated into' 
an Elvax pellat at a final concentration of 15 ^a/am 3 E i vax - 
of ^-CD-TDS and 3 0 ua/mm 2 Elvax of cortexolone. The vessel- 
length of new capillary growth was measured every 2 davsVith 
a slic-lamp stereoscope at lox using an ocular grid 
J5 calibrated to + o.l ao.- 

Measurement of vessel length alone underestimates the 
extent of antiangicgenic activity because such measurement 
does not assess capillary density. Thus, the vessel density 
was also evaluated and graded using the following scale: o=no 

20 vessels/cornea; 1=1-4 vessels/cornea; 2=5-20 vessels/cornea; 
3-20-50 vessels/cornea; and 4 -more than 50 vessels/cornea. 
This grade was then aultiplied by aean maxiaal length of the 
vessels to obtain a semi-quantitative estiaate of vessel 
density , length-density index) for each cornea. Results 

25 obtained are graphically illustrated in FIG. 4 and tabulated 
in Table V. 

As demonstrated in FIG. 4, the largest difference 
between treated and control corneas was observed on day 13 
after implantation of the Elvax pellets. The mean vessel 
3Q lengths and vessel .ensity observed on d*v n .™ l<-- e d in 
Table V. 
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TABLE V 

I?:HI5ITI0N OF ANGIGGENZSIS IN CORNEAS 



Inhibition (% cf Untreated Control Group 



Vessel Length 
10 Vessel Density 



p-CD-TDS 
Cortexolone 



13% 
3% 



Corcexolone 
Alone 



4S% 
61% 



3-CD-TDS 
Alone 



164% 
303% 



Percentage greater than 100% represents stimulation of 
vessel development. 



lj As shown in Table V, a combination of £-CD-TDS and 

ccrtsxolone inhibited linear capillary blocd vessel growth to 
about 13% of that observed in untreated eyes. When capillary 
density was estimated, this combination suppressed vessel 
density to about 3% of that observed in untreated eyes. 1 In 

20 contrast, as shown in Table V, when ■ administered alone, 

cortexolone inhibited linear vessel growth only to about 49% 
and vessel density to about 61% that observed in untreated 
eyes. Surprisingly, as further demonstrated in Table V, 
administration of £-CD-TDS alone, stimulated vessel growth by 

25 about 164% and vessel density by about 303% above that 

ob s?rved in untreated, ayes, 

Based on these results, It is clear that 
administration of a cyclcdextran salt derivative in 
combination with a steroid according to the present 

30 invention, is an effective method for inhibiting angiogenesis 
in ophthalmolagical tissues. 
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WHAT 15 CIAIMZD IS : 

1. A composition for inhibiting undesired cr 
pathological cell or tissue growth, including angiogenesis, 
5 in mammals, including humans, cccprising (1) a derivative of 
a-, s- or 7-cyclcdejctrin in combination with (2) a latent 
grovth- inhibiting steroid or a ncn-staroidai growth- 
inhibiting organic compound, in which the derivative is 
characterized by a solubility at O'C in distilled water at 
10 leas. 1 -, about 2 0 gm/ml of water. 

2. The composition according to claim 1. .in which the 
derivative of or 7 -cyclodextrin is an anionic salt 
derivative of said cyclcdexrrin having substituents selected 

15 from the group consisting of- sulfate, phosphate, carboxylate 
and mixtures thereof associated with a physiologically 
acceptable cation. 

3. The composition according to claim 2, in which the 
2Q derivative of a-, i- or 7-cyclodextrin is a cyclodextrin 

sulfate. 

4. The composition according to claim 3, in which the 
cyclod-ixtrin sulfate is ^-cyclodextrin tetradeca sulfate. 



25 



5. The composition according to claim 1, in which the 
steroid has 17-alpha and 21-hydroxyl groups, 3- and 20-one 
groups and ir. the 16-position hydrogen, hydroxy or a methyl 
group and ncn-toxic, physiologically acceptable carboxylates, 
acatal, ketais and phosphates thereof. 
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5. The composition according to clain 3, in which the 
steroid has 17-alpha and 21-hydro:cyl groups, 3- and 20-one 
groups and in the 16-position hydrogen, hydroxy or a nethyi 
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group and non-toxic, physiologically acceptable carboxylases, 
acetal, ketals and phosphates thereof. 

7. The composition according to clain 4, in which the 
5 steroid has 17-alpha and 21 -hydroxy! groups, 3- and 20-one 
groups and in the iS-positicn hydrogen, hydroxy or a -ethyl 
group and non-toxic, physiologically acceptable carboxylates, 
acetal, ketals and phosphates thereof. 

10 a - The composition according to claim 7," in which the. 

steroid is cortisone, hydrocortisone or cortexolone. 

9. The composition according to claia 1, i n which the 
non-steroidal growth- inhibiting organic compound is L-2 — 

, 5 azetidinecarboxylic acid and the derivative of cyclodextrin 
is a cyclodextrin sulfate. 

10. A method for inhibiting undesired or pathological 
cell or tissue growth, including angiogenesis, in mammals, 

20 including humans, comprising administering to a mammal a 
growth-inhibiting amount of active agents consisting 
essentially of (i) a derivative of a - , 0- or 7 - cy clodextrin 
m combination with (2) a latent growth-inhibiting steroid or 
a non-steroidal growth- inhibiting organic compound, the 
25 derivative being characterized by a solubility at O'C in 
dlStilled vater of *t least about 20 gm/100 ml of water.. 

11. A method for inhibiting angiogenesis in mammals, 
including humans, comprising administering to a mammal an 

20 angxogenesis-inhibiting amount of active agents consisting 
essentially of (!) a derivative of «-, or 7 -cyclodextr.n 
m combination with (2) a latent growth-inhibiting steroid or 
a non-steroidal growth-inhibiting organic compound, the 
derivative being characterized by a solubility at O'C in 

35 ^stilled water of at least about 20 gm/ioo ml of water. 



12. The method acording to claim 10, in which the 
derivative of *- or 7-cyclodextrin is a salt consisting 
essentially of an anionic derivative of a cyclcdextrin hav< 
substituents selected from the group consisting of sulfate" 
5 phcsphare, carbon/late and mixtures thereof assocated with' 
non-toxic physiologica lly accetable cation. 



13. The method according to claim 12, in which the 
sal- of a-, .3- or 7-cyclcdextrin is a c;, clcdextrin sulfate. 

10 

14. The method according to claim 13, in which the - 
salt is fl-cyclodextrin sulfate. 

15. The method according to claim 10, in which the 
15 steroid has 17-alpha and 21-hydroxyl groups, 3- and 20-cne " 

groups and in the 15-position hydrogen, hydroxy or a methyl 
group and non-toxic, physiologically acceptable carboxylates 
acetal, ketals and phosphates thereof. 

20 16 • The method acording to claim 10, in which the 

steroid i.<5 cortisone, hydrocortisone or cortexolone. 

17. The method according to claim 10, in which the 
non steroidal growth- inhibiting organic compound is L-2- 
25 aze-t idinecarboxylic acid. 

12. A method for inhibiting the pathological growth 
of smooth muscle cells in mammals, including humans, 
comprising administering to a mammal, a growth-inhibiting 
.30 amcurit of a derivative of a-, jj- or 7-cyclodextrin, the 
derivative being characterized by a solubility at 0*C in 
distilled water of at least about 20 gm/100 ml of water. 



19. The method according to claim 13, further 
2S comprising administering an amount of a latent growth- 



